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regard to the present handsome volume, that it is a monument at

once worthy of the naturaHst whose name it bears and creditable to

his literary executor, who has shown excellent judgment in his se-

lection of matter, and good taste in the illustrations, of which latter

it is only needful to observe that they are from the pencils of Hewit-

son and Wolf.

To all oologists the * Ootheca* will be indispensable.

Catalogue of the Mammalia in the Collection of the Australian

Museum. By Gerard Krefft, Curator and Secretary. Sydney :

printed by order of the Trustees. 1864.

This Catalogue is prepared on the model of Dr. Gray's * List of

Mammalia in the British Museum.* Indeed it is almost a facsimile

in form and appearance, with the addition of a few notes on the

habits of some of the more recently discovered species, the descrip-

tion of three or four which Mr. Krefft thinks had not been described

before, a synopsis of the dental formula of each genus, and some
short directions for the preservation of specimens. Considerable

attention is paid to the local names which are given to the animals

in the different districts of Australia which they inhabit.

Wemay give the following as a specimen of the notes that it con-

tains. Under PJiascogale penicillata^ Mr. Krefft observes —** The
female is not provided with any visible pouch ; the number of mammae
is ten, and as many young are occasionally brought forth, though

probably not more than four or five reach maturity." After quoting

Mr. Gould's account of its habits, he proceeds —"As I have fre-

quent opportunities of observing this animal, I am able to state that

Mr. Gould's charges as to its depredations are quite unfounded, as it

is a truly insectivorous animal, which may, indeed, occasionally cap-

ture a small bird or a mouse. When it has taken up its quarters in

a store, the owner can derive benefit only from its presence, as it

destroys cockroaches and other insects, and soon clears the place of

smaller rodents, though it is no match for a rat" (p. 29).

The collection consists of 283 species, thus divided : —Primates 45,

Ferae 62, Marsupialia 59, Rodentia 57, Edentata 7, Pachydermata 7,

Ruminantia 35, Cete 1 1

.
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Dec. 15, 1864. —J. P. Gassiot, Esq., Vice-President, in the Chair.

" On the Structure and Affinities of Eozoon Canadense.*^ In a

Letter to the President. By W. B. Carpenter, M.D., F.R.S.

I cannot doubt that your attention has been drawn to the dis-

covery announced by Sir Charles Lyell in his Presidential Address
at the late Meeting of the British Association, of large masses of a
fossil organism referable to the Foraminiferous type, near the base
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of the Laurentian series of rocks in Canada. The geological position

of this fossil (almost 40,000 feet beneath the base of the Silurian

system) is scarcely more remarkable than its zoological relations ; for

there is found in it the evidence of a most extraordinary development
of that Rhizopod type of animal life which at the present time pre-

sents itself only in forms of comparative insignificance —a development
which enabled it to separate carbonate of lime from the ocean-waters

in quantity sufficient to produce masses rivalling in bulk and solidity

those of the stony corals of later epochs, and thus to furnish (as

there seems good reason to believe) the materials of those calcareous

strata which occur in the higher parts of the Laurentian series.

Although a detailed account of this discovery, including the results

of the microscopic examinations into the structure of the fossil which
have been made by Dr. Dawson and myself, has been already com-
municated to the Geological Society by Sir William E. Logan, I

venture to beHeve that the Fellows of the Royal Society may be glad

to be more directly made acquainted with my view of its relations to

the types of Foraminifera which I have already described in the Phi-

losophical Transactions.

The massive skeletons of the Rhizopod to which the name Eozoon
Canadense has been given, seem to have extended themselves over the

surface of submarine rocks, their base frequently reaching a diameter

of 1 2 inches, and their thickness being usually from 4 to 6 inches.

A vertical section of one of these masses exhibits a more or less regular

alternation of calcareous and siliceous layers, these being most distinct

in the basal portion. The specimens which the kindness of Sir

William E. Logan has given me the opportunity of examining are

composed of carbonate of lime alternating with serpentine —the cal-

careous layers being formed by the original skeleton of the animal,

whilst the serpentine has filled up the cavities once occupied by its

sarcode-body. In other specimens the carbonate of lime is replaced

by dolomite, and the serpentine by pyroxene, Loganite, or some
other mineral of which silex is a principal constituent. The regular

alternation of calcareous and siliceous layers which is characteristic

of the basal portion of these masses, frequently gives place in the

more superficial parts to a mutual interpenetration of these minerals,

the green spots of the serpentine being scattered over the surface of

the section, instead of being collected in continuous bands, so as to

give it a granular instead of a striated aspect. This difference we
shall find to depend upon a departure from the typical plan of growth,

which often occurs (as in other Foraminifera) in the later stages —the

minute chambers being no longer arranged in continuous tiers, but

being piled together irregularly, in a manner resembling that in which
the cancelli are disposed at the extremities of a long bone.

The minute structure of this organism may be determined by the

microscopic examination either of thin transparent sections, or of

portions which have been submitted to the action of dilute acid, so

as to remove the calcareous shell, leaving only the siliceous casts

of the chambers and other cavities originally occupied by the sub-

stance of the animal. Each of these modes of examination, as I have
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shown on a former occasion*, has its peculiar advantages; and the

combination of both, here permitted by the pecuUar mode in which
the Eozoon has become fossihzed, gives us a most complete repre-

sentation not only of the skeleton of the animal, but of its soft sarcode-

body and its minute pseudopodial extensions as they existed during
life. In well-preserved specimens of Eozoon, the shelly substance

often retains its characters so distinctly, that the details of its structure

can be even more satisfactorily made out than can those of most of the

comparatively modern Nummulites. And even the hue of the original

sarcode seems traceable in the canal-system ; so exactly does its aspect,

as shown in transparent sections, correspond with that of similar

canals in recent specimens of Polystomellay Calcarina, &c. in which
the sarcode-body has been dried.

This last circumstance appears to me to afford a remarkable con-

firmation of the opinion formed by Mr. Sterry Hunt upon minera-

logical grounds —that the siliceous infiltration of the cavities of the

Eozoon was the result of changes occurring before the decomposition

of the animal. And the extraordinary completeness of this infil-

tration may be the result (as was suggested by Professor Milne-

Edwards with regard to the infiltration of fossil bones and teeth, in

the course of the discussion which took place last year on the Abbe-
ville jaw) of the superiority of the process of suhstitution, in which
the animal matter is replaced (particle by particle) by some mineral

substance, over that of mere 'penetration.

The Eozoon in its living state might be likened to an extensive

range of building made up of successive tiers of chambers, the cham-
bers of each tier for the most part communicating very freely with

each other (like the secondary chambers of Carpe7iteria'\), so that

the segments of the sarcodic layer which occupied them were inti-

mately connected, as is shown by the continuity of their siliceous

models. The proper walls of these chambers are everywhere formed

of a pellucid vitreous shell-substance minutely perforated with parallel

tubuli, so as exactly to correspond with that of Nummulites, Cyclo-

clypeus, and Operculinat; and even these minute tubuli are so pene-

trated by siHceous infiltration, that when the calcareous shell has been

removed by acid, the internal casts of their cavities remain, in the

form of most delicate needles standing parallel to one another on

the solid mould of the cavity of the chamber, over which they

form a delicate filmy layer.

But, between the proper walls of the successive tiers of chambers,

there usually intervene layers of very variable thickness, composed of

a homogeneous shell-substance; and these layers represent the '* in-

termediate" or ** supplemental" skeleton which I have described in

several of the larger Foramtnifera, and which attains a peculiar

development in Calcarina §. And, as in Calcarina and other recent

and fossil Foraminifera, this "intermediate skeleton" is traversed

by a "canal-system "
|1

that gave passage to the prolongations of the

* Memoir on Polystomella, in Phil. Trans, for 1860, pp. 538, 540.

t Phil. Trans. 1860, p. 566. \ Ibid. 1856, p. 558, and pi. xxxi. figs. 9&10.
§ Ibid. 1860, p. 553. ||

Ibid. p. 554, plate xx. fig. 3.
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sarcode-body, by the agency of which the calcareous substance of this

intermediate skeleton seems to have been deposited. The distribution

of this canal-system, although often well displayed in transparent

sections, is most beautifully shown (as in Polystomella *) by the
siliceous casts which are left after the solution of the shell, these casts

being the exact models of the extensions of the sarcode-body that

originally occupied its passages.

In those portions of the organism in which the chambers, instead

of being regularly arranged in floors, are piled together in an ** acer-

vuline " manner, there is little trace either of" intermediate skeleton
"

or of ** canal-system "; but the characteristic structure of their proper
walls is still unmistakeably exhibited.

Whilst, therefore, I most fully accord with Dr. Dawson in referring

the Eozoon Canadense^ notwithstanding its massive dimensions and
its zoophytic mode of growth, to the group of Foraminifera, I am
led to regard its immediate affinity as being rather with the Num-
muline than with the Rotaline series —that affinity being marked
by the structure of the proper wall of the chambers, which, as I have
elsewhere endeavoured to show t, is a character of primary impor-
tance in this group, the plan of growth and the mode of communica-
tion of the chambers being of secondary value, and the disposition of

the *' intermediate skeleton" and its "canal-system" being of yet

lower account.

I cannot refrain from stopping to draw your attention to the fact

that the organic structure and the zoological affinities of this body,

which was at first supposed to be a product of purely physical opera-

tions, are thus determinable by the microscopic examination of an
area no larger than a pin-hole —and that we are thus enabled to

predicate the nature of the living action by which it was produced,

at a geological epoch whose remoteness in time carries us even be-

yond the range of the imagination, with no less certainty than the

astronomer can now, by the aid of "spectrum analysis," determine

the chemical and physical constitution of bodies whose remoteness in

space alike transcends our power to conceive.

The only objections which are likely to be raised by palaeontologists

to such a determination of the nature of Eozoon, would be suggested

by its zoophytic mode of growth, and by its gigantic size. The first

objection, however, is readily disposed of, since I have elsewhere

shown ^ that a minute organism long ranked as zoophytic, and de-

scribed by Lamarck under the designation Millepora rubra, is really

but an aberrant form of the Rotaline family of Foraminifera, its

peculiarity consisting only in the mode of increase of its body, every

segment of which has the characteristic structure of the Rotalince
;

and thus, so far from presenting a difficulty, the zoophytic character

of Eozoon leads us to assign it a place in the Nummuline series exactly

corresponding to that of Polytrema in the Rotaline. And the ob-

jection arising from the size and massiveness of Eozoon loses all its

force when we bear in mind that the increase of Foraminifera
* Phil. Trans. 1860, plate xviii. fig. 12.

t Introduction to the Study of the Foraminifera, chap. iii. \ Ibid. p. 235.



Mr. L. S. Bcale on a new Microscope Object-glass. 329

generally takes place by gemination, and that the size which any

individual may attain mainly depends (as in the Vegetable kingdom)

upon the number of segments which bud continuously from the ori-

ginal stock, instead of detaching themselves to form independent or-

ganisms ; so that there is no essential difference, save that of con-

tinuity, between the largest mass of Eozoon and an equal mass made
up of a multitude of Nummulites. Moreover there is other evidence

that very early in the Palaeozoic age the Foraminiferous type attained

a development to which we have nothing comparable at any later

epoch ; for it has been shown by Mr. J. W. Salter * that the struc-

ture of the supposed coral of the Silurian series to which the name
Receptaculites has been given, so closely corresponds with that which

I have demonstrated in certain forms of the Orbitolite type fj as

to leave no doubt of their intimate relationship, although the disks

of Receptaculites sometimes attain a diameter of 1 2 inches, whilst

that of the largest Orbitolite I have seen does not reach -pjjths of an

inch. And it is further remarkable in this instance, that the gigantic

size attained by Receptaculites proceeds less from an extraordinary

multiplication of segments than from such an enormous development

of the individual segments as naturally to suggest grave doubts of

the character of this fossil, until the exactness of its structural con-

formity to its comparatively minute recent representative had been

worked out.

In a private communication to myself. Dr. Dawson has expressed

the belief that Stromatopora and several other reputed corals of the

Palaeozoic series will prove in reality to be gigantic Zoophytic Rhi-

zopods, like Eozoon and Receptaculites ; and I have little doubt

that further inquiry will justify this anticipation. Should it prove

correct, our ideas of the importance of the Rhizopod type in the

earlier periods of geological history will undergo a vast extension

;

and many questions will arise in regard to its relations to those

higher types which it would seem to have anticipated.

In the present state of our knowledge, however, or rather of our

ignorance, I think it better to leave all such questions undiscussed,

limiting myself to the special object of this communication —the ap-

plication of my former Researches into the Minute Structure of the

Foraminifera, to the determination of the nature and affinities of the

oldest type of Organic Life yet known to the geologist.

Jan. 19, 1865. —Sir Henry Holland, Bart., Vice-President, in the Chair.

'* Note on a New Object-glass for the Microscope, of higher

magnifving power than any one hitherto made. By Lionel S.

Beale, M.B., F.R.S., &c.

t desire to record the completion of a new objective, with a mag-
nifying power double that of the twenty-fifth. This glass is a fiftieth,

and magnifies nearly three thousand diameters with the low eye-

piece. Messrs. Powell and Lealand, the makers, to whom science

* Canadian Organic Remains. Decade i. t Phil. Trans. 1855.



330 Royal Society.

is indebted for this the highest power yet made, produced a sixteenth

in the year 1840, and a twenty-sixth in 1860.

The fiftieth defines even better than the twenty-fifth, which is

now made instead of the twenty-sixth. Plenty of light for illu-

minating the objects to be examined is obtained by the use of a

condenser provided with a thin cap, having an opening not more
than the g^oth of an inch in diameter. The preparation may be

covered with the thinnest glass made by Messrs. Chance, of Bir-

mingham, or with mica, and there is plenty of room for focusing to

the lower surface of thin specimens, which can alone be examined by
high powers as transparent objects. I beg to draw attention to these

very high powers at this time more particularly, because the facts

recently urged in favour of the doctrine of spontaneous generation

lately revived may be studied with great advantage. Not only are

particles, too small to be discerned by a sixteenth, well seen by a

twenty-fifth or a fiftieth, but particles too transparent to be observed

by the twenty-fifth are distinctly demonstrated by the fiftieth. I

feel sure that the further careful study, by the aid of these high

powers, of the development and increase of some of the lowest or-

ganisms, and the movements which have been seen to occur in con-

nexion with certain forms of living matter (Amoeba, white blood-

corpuscle, young epithelial cells, &c.), will lead to most valuable

results bearing upon the much debated question of vital actions.

Another very great advantage resulting from the use of the highest

powers occurs in minute investigations upon delicate structures which

occupy different planes, as is the case in many nervous organs. In

studying the distribution of the nerves in some of the peripheral

organs of vertebrate animals, very fine fibres can be followed as

they lie upon different planes.

The most delicate constituent nerve-fibres of the plexus in the

summit of the papillae of the frog's tongue (*' NewObservations upon
the Minute Anatomy of the Papillae of the Frog's Tongue," Phil.

Trans, for 1864), can be readily traced by the aid of this power.

The finest nerve-fibres thus rendered visible are so thin, that in a

drawing they would be represented by fine single lines. Near the

summit of the papilla there is a very intricate interlacement of nerve-

fibres, which, although scarcely brought out by the twenty-fifth, is

very clearly demonstrated by this power. In this object the defini-

tion of the fibres, as they ramify in various planes one behind another,

is remarkable ; and the flat appearance of the specimen as seen by
the twenty-fifth, gives place to that of considerable depth of tissue

and perspective. The finest nerve-fibres ramifying in the cornea

and in certain forms of connective tissue are beautifully brought

out by this power, and their relation to the delicate processes from

the connective-tissue corpuscles can be more satisfactorily demon-
strated than with the twenty-fifth. The advantage of the fiftieth

in such investigations seems mainly due to its remarkable power of

penetration. The angular aperture of this glass is 150°. Many
twelfths have been made with a higher angular aperture, amounting
to 170°.


